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ABSTRACT 
I nterstrain compet i tion o f  Bradyrhizobi um japoni cum for 
nodulation o f  soybean ( Glycine max) presents a serious problem to the 
f ield commercial inoculat ion practice . The more e f f icient , introduced 
strains are o ften outcompeted by the less e f f icient , indi genous 
strains . Thi s study was conducted to determine i f  the competit ion 
could be effectively control led by the mass ive introducti on of a more 
e fficient strain and/or the large scale reduction of a indigenous 
strain by the appl icat ion of a bacter iophage specif ic to the indigenous 
one . 
B. japoni cum strain 6 1Al2 3 ,  common in Midwestern U. S. so i l s, and 
strain USDAllO , representat ive of  the strains used in commercial 
inocula ,  were chosen for the nodulat i on compet i t ion studies . A 
bacteriophage (P1 3 5pl) speci f ic to strain 1 2 3  was used as a bio log ical 
control agent . The experiments were in a spl it-plot , factor i al design 
for factors of phage inoculat ing rat io (PI R) to strain 1 2 3  and the 
percentage of strain 1 1 0  in inocula . Soybeans were grown in a 
steril i z ed sand-vermicul ite mixture under control led conditions . The 
numbers of the bacteri a  and the phage used in inocula were determined 
by routine plate counts and a standard curve . Strain identification 
and the determinat ion o f  the number o f  bacteria from nodule samples 
were performed by enzyme-l inked immunosorbent assays (ELI SA) and by 
developing standard curves in ELI SA, which showed an exponential 
re lat ionship between the number of the bacter i a  and the absorbance at 
405 nm, measured in ELI SA .  Nodulat i on outcome was expressed by 
apparent nodule occupancies , def ined as percentages of the nodules per 
i 
plant occupied by a certain strain , and by actual nodule occupancies , 
def ined as percentages o f  the number o f  bacteria o f  a certain strain in 
nodules per plsnt . 
The nodulation competition experiments showed significant 
increases of the apparent or actual nodule occupancies of strain 1 10 ,  
and s i gn i ficant decreases o f  the apparent o r  actual nodule occupancies 
of  strain 1 2 3 , by the strain 1 10 input and the phage input at dif ferent 
levels  in inocula (P<0 . 0 1 ) . General ly , the strain 1 1 0  occupancies were 
increased and the strain 1 2 3  occupancies were decreased as the strain 
1 10 percentage in inocula or the number of  phage in inocula was 
increased . Even though the mean occupancies o f  a few o f  the treatments 
were not found to be stat i st ical ly dif ferent , the actual nodule 
occupancies appear to be a more sensit ive indicator than the apparent 
nodule occupancies . No sign i f icant combined effects o f  the phage input 
and the strain 1 10 input in inocula in changing the nodule occupancies 
of the either strain were found . 
A significant linear relationship was found between the actual 
nodule occupancy and the strain 1 1 0  percentage in inocula (P<0 . 01 ) . 
The e levations o f  the regression l ines were regarded as the compet itive 
indexes . They are representat ive o f  the nodulat ing competit iveness o f  
a part icular strain . I t  i s  shown that strain 1 1 0  compet itive abi lity 
was increased and strain 1 2 3  compet i t ive abi lity was decreased as the 
phage input in inocula was increased . The competit ive indexes o f  each 
strain were al l statist ical ly d i f ferent from one another at al l PIRs . 
The relationship between the competit ive index and the PIR was found to 
fit a semilogarithmic mode l (Y=A+B*LOG (X)). The A coef ficient was 
proposed to be the phage e f ficiency index . 
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INTRODUCTION 
Biological nitrogen fixation is o f  prime importance in the 
nitrogen cycle . It provides most o f  the nitrogen in usable forms for 
all the living organisms in the world . Nitrogen fixation by 
leguminous plants has special economic values and has rece ived 
intensive research ef forts during the last decades. Among al l the 
leguminous crops that are able to carry on the nitrogen fixat ion , 
soybean [ Glycine max (L. )  Merril l . ] ranks f i rst in the total amount 
of nitrogen it fixes . 
The nitrogen fixing abi l ity of  soybean is due to its beneficial 
symbiotic relat ionship with a bacterium cal led Bradyrhi zobi um 
japoni cum (Ki rchner) Buchanan [basonym Rhi zobi um japoni cum (Kirchner) 
Buchanan ] . I t  is capable of f ixing nitrogen from the atmosphere when 
present in nodules on the soybean roots. Nodule formation is thought 
to start from the stages of the recognition between the microsymbiont 
and the host and the attachment of  the bacterium on the plant roots. 
The attachment causes the curl ing of the root hairs to envelop the 
bacterium , after which infection threads carrying the infecting 
bacterium start to deve lop and grow into the root cortex , initiating 
the formation of nodules. The bacteria are released into the cel l s  
of  the cortex . They begin to multiply and undergo a series of  
morpholog ical conversions to  form bacteroids and start to  fix 
nitrogen from the air . The excess nitrogen they fix is ut i lized by 
the host plant . The bacteria in nodules , in turn, receive oxygen , 
carbohydrates and other necessary nutrients from the host . 
There are many different strains (or serogroups) of  B.  
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japonicum. Each of them differs in its ability to fix atmospheric 
nitrogen and to nodulate soybeans . Some strains of  the species have 
been special ly developed in the laboratory and have been identified 
to be very e f fective in nitrogen fixation resulting in increases in 
crop yield . Many commercial inocula  containing improved strains of 
B. japonicum have thus been developed and used in the field , with the 
hope of enhancing the nitrogen fixing ability of the soybean plants 
and eventually improving the crop yie ld or the protein content o f  the 
commercial part of the plant . But unfortunately , it is found that 
the nodulation outcome is far from what was expected . The more 
effective nitrogen fixing strains of the bacterium are outcompeted by 
the less effective , indigenous strains so that the majority of the 
nodules that formed on plant roots are stil l occupied by the 
indigenous strains . 
The exact basis involved in this outcompetition is very complex 
and is stil l far from being understood . It is only known that the 
mechanism may involve many soil factors , such as soil pH , soil types , 
soil temperature and moisture , bacterial predators , as wel l  as the 
proper combinations of microsymbiont genes and host genes . Attempts 
to increase the desired nodulation include the use of massive levels 
of  the desired strain (s) introduced into the soil and a considerable 
reduction o f  the undesired strain (s) already in the soil by the use 
of some bactericidal agents .  But the mere increase o f  the desired 
strain (s) in inocula was reported to meet with only limited success . 
The bactericidal agents that are available can be either chemical , 
such as antibiotics , or biological , such as strain specific 
bacteriophages .  However , the use o f  the chemical bactericides have 
2 
become less popular mainly because o f  their unfavorable impacts on 
the environment. Among the biological contro l agents , bacteriophages 
are the best choice for they are strain specific predators of  certain 
bacteria and are relative ly eas i ly screened out of the soil. They 
usual ly do not have any side e f fects on the envi ronment. It has been 
postulated that the use of a bacteriophage which k i l l s  only the 
indigenous strain ( s) , but does not af fect the introduced strain ( s) , 
may promote the nodulation by the res istant strain ( s ) and even 
establ i sh the strain ( s) in the f i e ld. 
Two strains o f  B. japoni cum were chosen for the nodulation 
competit ion studies. One o f  them i s  strain 61A1 2 3  ( strain 1 2 3) which 
is qu ite common in the so i l s  of  Midwestern U. S .  The other i s  strain 
USDAllO ( strain 1 1 0) which i s  representat ive of  the strains used in 
current commercial inocula. The aim of  thi s  work was to determine 
whether a mass ive introduct ion o f  the improved strain and the use o f  
a bacteriophage spec i f ic t o  the indigenous strain , e i ther singly or 
in combinat ion , could markedly enhance the desired nodulat ion and 
reduce the undes ired nodulat ion, 
3 
LITERATURE REVIEW 
Early laboratory work (Abel and Erdman 1 964; Caldwel l  and Vest 
1 970) demonstrated that B. japonicum strain USDAllO is superior to 
strain 6 1A1 2 3  in result ing higher crop yield , higher fresh wei ght and 
higher percentages of  prote in and oil in soybean seeds. However , 
when this superior strain i s  applied into the f ield i t  i s  often found 
that only a smal l percentage o f  the nodules are occupied by the 
inoculum strain whi le the majority of the nodules stil l contain the 
less ef fect ive , indigenous strain (Dami rgi et al. 1 967; Ham et al. 
1971; Kev i en et al. 1981;  Moawad et al. 1 984) . 
Many attempts have been made to explain and control the 
compet ition. Reyes and Schmidt (1981) found that the population size 
of  strain 1 2 3  in the inner rhi zosphere is closely correlated to the 
population of nodulated bacteria  per uni t  of root surface area. This 
is not affected by the large addition of another strain. I t  
confirmed that the nat ive strain has a we ll  established symbiotic 
relat ionship with soybean. I kram and Broughton (1981) measured the 
indigenous strain in the rhizosphere and showed that when the 
concentrat ion of the strain was 700 cells/g , only 18% of the nodules 
were formed by the inoculant strain , but when this concentrat ion was 
reduced to 5 cel l s/g , the inoculant strain formed up to 90% of the 
nodules , suggest ing that the decrease of the indi genous strain could 
have sign i ficant effects on the competition. Confl ict ing results , 
however , were found by Moawad et al. (1984) . 
More quantitative studies by Labandera and Vincent (1975} on 
the nodulation compet itiveness showed a linear relationship between 
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the logar ithm o f  the ratio  o f  nodules formed on Uruguayan clover 
( Trifolium polymorphum) by two strains of  R. trifolii and the 
logar i thm of the ratio  of the two strains in inocula . Furthermore, 
they put forward the concept of a compet i tive index which was def ined 
as the ant i logar i thm of the elevat ions of the regression l ines 
obtained above . Amarger and Lobreau (1982) found a simi lar 
relationship in lucerne (Medi cago sativa) when it was inoculated by 
strains o f  R. meliloti.  
Kosslak et al. (1 983) studied the inf luences of  env i ronmental 
factors on interstrain compet ition of  R. japonicum and showed that 
the majority of nodules formed on the mature plant roots are 
init iated by the strain to which the host is preexposed . The i r  
further work (Kosslak and Bohlool 1985) indicated that there i s  a 
critical period for the nodulation of  the more beneficial strain 
(USDA 1 10) . I f  strain 1 1 0  i s  inoculated at the t i me of  sow ing the 
soybean seeds, the nodule occupancy by that strain can be 
dramatical ly increased, so that it outcompetes the less e f f i c i ent 
strain (61A12 3 ) .  
Only a few studies have been carried out o n  the effects of 
bacteriophages regulating the populations o f  Rhizobium in the root 
zone of the host plants . Evans et al. ( 1979a, b) observed that when 
there i s  a mixture o f  phage sensitive and phage res i stant strains o f  
R. trifolii in inocula, the presence of  the phage can signi f icantly 
increase the re lat ive numbers of  the res i stant strain in the 
rhi zosphere . Similar studies by Barnet (1980) showed that the phage 
can only effect ive ly reduce the nodulat ion by the sensit ive strain 
when the phage input i s  very high, at a rat io of  10  phage per cell of 
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the sens it ive strain . 
No reports have been pub l i shed on the biological control of  the 
strain re lationship of B. japoni cum. A botany graduate student from 
Eastern I l l ino i s  Univers ity, Lori Kel ley (1986), conducted p i lot 
studies on thi s  subject . Her results showed that , when strain 1 1 0  
and strain 1 2 3  were inoculated into ster i l i z ed soil a t  a ratio  of  
approximately 1:1 , 98%  of  the nodules turned out to  occupied by 
strain 1 1 0  when a bacter iophage (P1 35pl) spec i f i c  to strain 1 2 3  was 
added in the inocula, in contrast to 54% of strain 1 1 0  occupancy when 
not us ing the phage . 
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MATERIALS AND METHODS 
Bacterial Culture and Develop•ent of a Standard Curve. 
Bradyrhizobi um japoni cum strain 6 1A1 2 3  and strain USDAllO used 
in nodulation experiments were obtained from the Charles Kettering 
Research I nstitute in Yel low Spring, Ohio . Strain 6 1A1 35 used for 
the enrichment of the bacteriophage was obtained from the Nitragin 
Company in Milwaukee, Wisconsin . 
They were first removed from working slants with 3 ml o f  a 
saline solution ( Appendix VI) into 40  ml o f  a yeast extract-mannitol 
broth medium ( YEM broth, Appendix I I ) , and were incubated on a shaker 
at a speed of  250 rpm for two to three days . 
I n  order to quantify the bacteria used in inocula, a standard 
curve was deve loped from the actual concentration o f  bacterial ce lls  
( usual ly in YEM broth ) and the absorbance o f  the solution at 620  nm . 
10  ml of  the broth culture was added into a sterilized test tube . I t  
was then decimal ly diluted from 1 0-1 to 1 0-s o f  the original 
concentration with a sterilized phosphate-buf fered saline solution 
( Appendix I). Five replicate pour plates at each dilution were 
prepared in YEM agar . After the agar was solidified, the plates were 
sealed with Parafilm and incubated at 2 8°C for 7 days. The plates 
with the number of  colonies within the direct count range (30-300) 
were counted . Geometric means of  the five replicates at each 
dilution were calculated . The absorbance of  the remainder o f  the 
dilution series was measured on a spectrophotometer ( LKB, Biochrom, 
ultrospect 4050) at 620  nm . The simple linear regression was 
performed on the absorbance and the number of bacteria per 
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mi l l i l iter . 
EnricJJ.ent and Titer of the Bacteriophage. 
The bacteriophage P135pl was used in these exper i ments . I t  was 
first isolated by Brian Hanley, a former graduate student working in 
this laboratory, from a local soybean field, using strain 1 3 5  as a 
host . The phage was also proved to be e ffective in lysing strain 
1 2 3 . 
Enr ichment of  the phage was carried out in broth culture with 
strain 1 3 5 . After the bacteria were incubated in 40 ml o f  the YEM 
medium at room temperature for 1 day, 1 0  ml of  the phage suspension 
was added to the culture . I t  was further incubated on the shaker 
overnight . The mixture was then transferred to 500 ml of  a minimum 
salt medium (Appendix I I I ) and was al lowed to shake for 3 to 4 days 
until the contents of the culture were clear . The contents were 
centrifuged on a Sorval l GSA large rotor set at 1 0, 000 rpm for 2 0  
minutes t o  remove the remain ing bacteria in the phage suspens ion . 
The supernatant was then concentrated on a rota-evaporator (Buchi 
Laboratoriums-technik AG, CH-9230 Flawil/Schweiz . )  to about 5 0  ml . 
The remaining phage suspension was dialyzed in a SPECTRAPOR 
molecularporous dialysis membrane tubing (Spectrum Medical 
I ndustries, I nc . )  against de ionized water at 4°C overnight . The 
dialyzed solution was filter sterilized twice through a microporous 
membrane filter (pore size 0 . 22 um, diameter 47 mm, Gelman Sciences, 
I nc . ) . The sterilized phage suspension was stored in a concentrated 
tryptone medium (in 1:1 volume ratio, Appendix I V) at 4°C . 
The enriched phage suspens ion was titered by preparing 
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success ive dec imal phage d i lutions w i th steril ized phosphate-buffered 
sal ine from 10-2 to l0-9 of the original concentrat ion . 1 ml of  each 
of the di lutions was added to a test tube with 1 ml of a 2 day old 
strain 1 3 5  solution . 1 0  ml o f  melted YEM medium (0 . 5% agar, 4 5°C) 
was then added to the mixture . After be ing mixed evenly, the content 
was poured onto a 10 ml prepoured YEM agar (l . 5% agar) base layer . 
The plates were incubated at 28°C for 1 day, after which each o f  them 
was sealed w i th Paraf i lm and was further incubated . Phage plaques 
formed in a lawn of  strain 1 3 5  in about 1 more day . Those plates 
with individual ly distingui shable plaques of less than 30 were 
counted . 
Gro�ing, Inoculating and Nodule Harvesting of Soybeans. 
The soybean var iety used in this study was "Wil liam 82", 
obtained from Univers i ty of  I l l inois in Urbana, I l linois . I t  was 
previously developed from a cross of Wayne, Adams and Clarks 
soybeans . 
Leonard jars were prepared before planting the seeds . A 
Leonard jar is a self  watering growth apparatus . I t  i s  an assembly 
of  a liter mason jar w i th an inverted 700 ml glass beer bottle w i th 
the bottom cut o f f  and a rope (40 cm in length, 1 2  mm in diameter) in 
the middle . The rope extended f rom the edge o f  the bottle down 
through the neck and into the mason jar to absorb the nutrient 
medium . The bottles were packed with a mixture o f  vermicul i te and 
sand (1:1) to about 2 cm from the top . About 200 ml o f  a nitrogen­
f ree medium (modi f ied Fahreus medium, Appendix V) was poured onto the 
sand-vermicul ite mixture . The who le assembly was then wrapped with 
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aluminum fo i l  and autoclaved at 1 kg/cm-2 for 1 hour . Another 500 ml 
of  the ster i l i zed nitrogen- free medium was added to the mason jar 
which was then ready to be used . 
The soybean seeds were surf ace steril i z ed in a bleach solut ion 
(1% sodium hypochloride) for 1 0  minutes, while swirling 3 t i mes . 
They were washed 7 times with sterile deionized water and were sown 
on the surface of a solidif i ed agar medium (0 . 8% agar in water) in a 
large beaker .  They were then incubated in the dark at 2 8°C for 24  
hours . The sprouted seeds in the beaker were planted in the Leonard 
jars, with three seedl ings per jar . 
Each seedl ing was inoculated with 1 ml o f  the bacter ial 
inoculum (w i th the phage i f  needed) on the third day . The 
inoculat ing experiments were set in a split-plot, factorial design 
for factors o f  phage input and strain 1 1 0  input in inocula .  The 
plants were inoculated by pure inocula of strain 1 10 or strain 1 2 3  or 
by mixed inocula with the two strains at ratios of 1:2 (33 . 3% o f  
strain 1 1 0  in inocula), 1 : 1  (50% o f  strain 1 10 in inocula), 2:1 
(66 . 7% o f  strain 1 1 0  in inocula) and 9:1 (90% o f  strain 1 10 in 
inocula) . The mixing rat ios o f  the two strains were obtained by 
measuring the absorbance o f  the bacteria  from broth culture, and by 
checking the standard curve prev ious ly developed . The concentrat ion 
of the bacteriophage to be added was obtained from the phage titer as 
described above .  The phage inocula were prepared based on the ratios 
of  the number o f  the phage to the number o f  the susceptible strain 
(6 1A1 2 3  in this case), This ratio i s  the so-cal led phage inoculating 
ratio  (PI R, Barnet 1 980) . The phage inoculating treatments inc luded 
PIR 0 (the control), PIR  0 . 01,  PIR  1 and PIR 10 . The phage and the 
1 0  
bacteria in proper rat ios were ful ly mixed in a test tube , and then 
were immediately inoculated to the v i c inity of the soybean roots. 
The plants were grown under contro l led conditions in a "Sherer" 
env i ronmental chamber (Model Cel 257 , Sherer-G i l left Co . , Marshal l ,  
Michigan ) . The chamber was i l luminated w i th f luorescent l i ght and 
incandescent l i ght at a l i ght intens ity o f  1 6 , 000 lux. The 
photoperiod was 16 hours a day with day temperature of 28°C and night 
temperature of 21°C. A humidi f ier was turned on alternate hours to 
keep the air mo i st. 
After growing for 2 1  days , the plants were removed f rom of the 
so i l. The nodules o f  each plant were picked off  and placed in a test 
tube. After be ing ful ly mixed , 1 2  of the nodules were randomly 
selected from the tube . They were surface ster i l i zed in the bleach 
solut ion for 5 minutes , and rinsed 7 t imes with ster i l i zed water. 
These nodule samples were to be used in ELI SA. 
Purification of Antisera. 
Rabbit  ant i sera for strain 1 1 0  and strain 1 2 3  were obtained in 
1984 and had not been further pur i f ied. Each of the ant isera was 
found to contain cons iderable amounts of the ant ibody spec i f i c  to the 
other strain . Puri f icat ion was carried out by incubat ing the 
ant i serum to be pur i f i ed w i th the other strain of the bacteria. 
Strain 1 10 or 1 2 3  was removed from working slants with 3 ml of  
the sal ine solut ion. The bacterial cel l s  were centri fuged at 10 , 00 0  
rpm for 20  minutes. The supernatant was di scarded and the bacterial 
pe llets were added to the ant i serum to be pur i f i ed. They were then 
incubated in a water bath at 37°C for 3 to 4 hours and were again 
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centrifuged at 10, 000 rpm for 20 minutes . The bacterial antigens, 
together with the ant ibodies specif i c  to them, were thus removed . 
The supernatant was then placed into a c lean test tube and the 
deposit  was discarded . Very strain- spec i f ic ant i sera were obtained 
after the who le process was repeated four t imes . The purif i ed 
ant i sera were stored in a freezer at -15°C . 
ELISA Procedures and Standard Curves for Bacterial Antigens fro• 
Nodules. 
Strain ident i f icat ion o f  the nodule samples was done by an 
enzyme- l inked immunosorbent assay ( ELI SA ) . Randomly selected 
nodules, after be ing surface steri l i zed, were crashed individual ly 
with glass rods in 1 ml of a b i carbonate coat ing buffer ( Appendix 
VI I ) . The nodule samples were then heated in bo i l ing water for 10 
minutes to destroy the unspec i f ic anti gens ( Carlson, personal 
communicat ion ) . 100  ul o f  the contents o f  each nodule sample was 
pipetted into a we l l  of a po lystyrene microtiter plate ( Dynatech 
I mmulon ) , which would be tested by strain 1 10 anti serum . Another 100 
ul o f  the same nodule sample was pipetted in a corresponding posit ion 
of  another microt iter plate which would be tested by strain 1 2 3  
ant iserum . The contents o f  96 nodules could be determined by using 
two microtiter plates . The samples w i th bacter ial anti gen were 
allowed to coat on the ELI SA plates in the cold room ( 4°C ) overnight . 
The plates were then empt ied, the wel l s  o f  each plate were washed 
individual ly with a PBS Tween solut ion ( Appendix VI I I ) three times, 
with a 5 minute interval between each wash . 100 ul o f  strain 1 1 0  
antiserum (1:200 in the PBS Tween ) and 1 0 0  u l  o f  strain 1 2 3  antiserum 
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(1:200 in PBS Tween) were added into each we l l  of  the appropr iate 
plates and were allowed to stand at 2 8°C for 1 hour . The contents 
were then poured o f f  and each wel l  o f  the two plates was rinsed with 
the PBS Tween three times as before . 100  ul o f  an ant i-rabbi t  I gG 
alkal ine phosphate conjugate so lut ion (1:1000 in PBS Tween) was added 
to each we l l .  The plates were placed in the cold room overnight . 
They were then empt ied and washed three t imes w i th the PBS-Tween 
again . 100 ul o f  a di sodium p-nitrophenyl phosphate (Sigma 104) 
solut ion (1 ug/ml d i luted in an alkal ine phosphate substrate buf fer, 
Appendix I X) was added into each wel l . Yel low color would develop in 
some o f  the wel l s, indicat ing that the nodule samples containing the 
strain attested by its spec i f i c  ant i serum . The color development was 
stopped after 50 minutes by adding 50 ul of 3M NaOH . 
The pos i t ive and negative response of  the ant i gens to e i ther 
ant i serum could usual ly be ident i f ied v i sual ly . But in order to 
quant i fy the amount of  the ant igen being tested, standard curves were 
developed . Two nodules col lected from a plant inoculated by pure 
inocula of e i ther strain 1 1 0  or strain 1 2 3  were surfaced ster i l i zed 
and crushed in 1 ml of  the phosphate-buffered sal ine solut ion . 0 . 1 
ml o f  the solut ion was used to make success ive di lut ions from 10-2 to 
10-s of the original concentrat ion . A rout ine pour plate method was 
used to determine the number of bacteria in the nodule sample . The 
rest of the nodule sample solut ion was di luted serial ly from (5)-1 to 
(5)-8 of the original concentrat ion with the coat ing buf fer . Three 
repl icates were set up for each port ion of the d i lut ions . ELI SA was 
done according to the procedures described above . After the color 
deve lopment was stopped, the content o f  each we l l  was removed to a 
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test tube, and 1 ml o f  de ionized water was added .  The absorbance o f  
the samples from each wel l  was measured at 405  nm . Standard curves 
were drawn f rom the regression results of the absorbance vs the 
number of bacteria per mi l l i liter . 
Interpretation of the ELISA Results. 
A nodule ident i f i ed from ELI SA v i sually could be occupi ed by 
e i ther strain 1 10 or strain 1 2 3  or both. The percentage o f  nodules 
col lected from one plant occupied by a certain strain is defined as 
the apparent nodule occupancy of that strain . 
After measuring the absorbance of  the color developed from 
ELI SA and comparing the absorbance readings on the standard curves, 
the number of  bacteria in nodules can be determined. The percentage 
of the number of a certain strain of the bacteria in nodules from one 
plant is de f ined as the actual nodule occupancy of that strain . The 
mean occupanc ies, e i ther apparent or actual, were poo led f rom three 
repl icate plants. 
Statistical Analyses. 
Stat i stical analyses of  the data included simple l inear 
regression, logarithmic regression, semilogarithmic regression, 
analys is  o f  var i ance (ANOVA), analys i s  o f  covar i ance, and Student­
Newman-Keuls mult iple range test (SNK test). They were performed on 
a computer program--STATPAK (Northwest Analyt ical Co . ) . The analyses 
of  the results of  the nodulation competit ion experiments mainly dealt 
with mixed inocula treatments . 
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RESULTS 
Standard Curve for Broth-Cultured .Bacterial Suspension. 
The number of  bacteria in broth culture was quantified by 
routine plate counts and the measurement of  the absorbance at 620  nm . 
A perfect correlation was found between the two factors as shown in 
Figure 1 .  This curve was developed from strain 1 10 .  But since there 
is virtual ly no difference in the amount of extracel lular 
po lysaccharides excreted by the two strains, this curve was able to 
be applied to both strains . Three day old bacteria were used in 
developing the curves . Subsequent bacterial samples were collected 
basical ly at the same age . The effects o f  changes in size of  
bacterial cells  due to  minor dif ferences in age, which inf luence the 
absorbance, were considered insignificant . 
Phage Titer. 
After being enriched in strain 1 35, the phage was titered in 
strain 1 1 0, strain 1 2 3  and strain 1 35, respectively (Table 1) . There 
were no phage plaques found in any of the plates with strain 1 1 0  
inc luding the lowest dilution plated (l0-2 ), Therefore it was 
reported as having fewer than 100 PFU/ml . These results confirmed 
previous experience that the phage could be enriched either in strain 
1 2 3  or strain 1 35, but it tends to grow better in the medium with the 
latter strain (Carlson, personal communication) . In addition, it was 
proved to be not specific to strain 1 1 0 . 
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Standard Curves of Antigens by ELISA. 
After pur i f icat i on, the spec i f i c i ty of  the ant i sera was 
increased cons iderably . Signi f i cant di fferences between the spec i f i c  
absorbance readings and the cross react ion readings were ev idenced by 
the stat i st i cal analyses for the standard curves o f  the e i ther strain 
(P<0 . 01, by two way ANOVA ) . There was also a highly s igni f icant 
exponent ial re lationship found between the number o f  the bacterial 
ant igen ( in CFU/ml ) and the i r  absorbance at 405  nm measured in ELI SA, 
as shown in Figures 2 and 3. 
Since the cross react ion readings were very low and almost 
constant, the means of the readings were treated as correct ion 
factors . When these curves were appl ied to determine the amount of 
ant igen from a nodule sample, the absorbance readings o f  the sample 
tested by e i ther ant i serum would be respect ively reduced by the 
correction factors . These standard curves prov ided a more 
quant i tat ive dev ice for the further ecological studies  of the two 
bacter i a .  
Apparent Nodule Occupancies of the Two Strains. 
The apparent nodule occupanc ies  of  e i ther strain 1 10 or strain 
1 2 3, treated with the phage at d i f ferent phage inoculat ing rat ios, 
are shown in Figures 4 and 5 .  I n  general, the strain 1 1 0  apparent 
nodule occupanc ies increase as the relat ive amount of the strain in 
mixed inocul a  increases .  The increase o f  the mean occupanc ies ranges 
from 1 8% to 77% .  The strain 1 2 3  apparent occupanc i es, i n  contrast, 
decrease as the amount of strain 1 1 0  increases its amount in the 
mixed inocula .  Strain 1 2 3  mean occupanc ies are reduced from 82% to  
1 6  
34%. The results also show that, by the applicat ion o f  the 
bacteriophage spec i f i c  to strain 1 2 3, the mean occupanc ies of strain 
1 1 0  can also be increased from 57% to 9 3% as the PIR goes f rom 0 to 
10, whi le those of strain 1 2 3  are dimini shed from 80% to 38% . No 
cross nodulat ion occurred when the plants were inoculated by the pure 
inocula.  
The statist ical analyses indicate that there are s igni f icant 
d i f ferences among the di f ferent mixed inocula treatment groups and 
among the d i f ferent phage input treatment groups (P<0 . 01,  by two way 
ANOVA ) . But the comb ined e ffects o f  the phage input and the strain 
1 1 0  input, e i ther in enhanc ing the strain 1 10 nodulation or in 
reduc ing the strain 1 2 3  nodulat ion, do not appear s igni f icant . 
The mean occupanc ies o f  each treatment were further separated 
by the SNK test . The compari sons are shown in Tables 2,  3, 4, and 5.  
Strain 110 mean occupanc ies o f  the PIR 0 . 0 1 treatment and o f  the PI R 
1 treatment appear stat i stically ind i st ingu ishable . The same i s  true 
for strain 1 2 3  mean occupancies at these two phage treatments .  No 
signi f icant d i f ferences occur between the mean occupanc ies o f  e i ther 
strain 1 10 or strain 1 2 3, at 50% strain 1 1 0  input treatment and 66. 7% 
strain 1 10 input treatment . 
Actual Nodule Occupancies of the Two Strains. 
The actual nodule occupanc ies o f  strain 1 10 and strain 1 2 3  are 
shown in Figures 6 and 7. The tendency in the changes of the actual 
occupanc ies is analogous to those of the apparent nodule occupanc ies . 
Strain 1 1 0  increases its percentage in nodules as the input o f  thi s  
strain i n  the so i l  i s  increased . I ts mean occupancies increase f rom 
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39% to 1 27% . I n  contrast, strain 1 2 3  decreases its percentage in 
nodules as its input in inocula declines. This decrease in mean 
nodule occupanc ies ranges from 7 7% to 2 4% .  Similarly, with the 
application of the bacteriophage at different phage inoculating 
ratios, 3 3% to 1 1 6% increase in strain 1 10 actual occupancies, and 
80% to 30% decrease in strain 1 2 3  actual occupancies were observed. 
Signi ficant dif ferences were found among the strain 1 1 0  actual 
occupancies and among the strain 1 2 3  actual occupancies, treated with 
the phage at different levels  or with the mixed inocula at d i f ferent 
mixing ratios, respectively (P<0 . 0 1, by two way ANOVA). But no 
significant combined e ffects of the phage input and the strain 1 1 0  
input in raising the strain 1 1 0  actual occupancies or in lowering the 
strain 1 2 3  actual occupancies were observed. 
The mean actual occupancies were further separated by the SNK 
test, the results are shown in Tables 6, 7, 8 and 9. The mean actual 
occupancy by the either strain of the 50% strain 1 1 0  input treatment 
is stil l indistinguishable from that of the 6 6. 7% strain 1 1 0  input 
treatment. However, among the phage treatment groups, only the 
strain 1 10 mean occupancy of the PIR  0 . 01 treatment group and that of 
the control group ( PI R O) appear indistinguishable. 
Co•petitive Indexes in Relation to the Phage Inoculating Ratios. 
Regression analyses showed a significant linear relationship 
between the strain 1 1 0  input in inocula and the actual occupancies o f  
the either strain ( Figures 8 and 9). The regression lines appear 
more or less paral lel to each other, but the elevations of these 
lines show regular changes according to the changes in the level s  of  
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the phage input . A compet i t ive index i s  thus def ined as the 
elevat ion of a regression l ine der ived from the actual occupancy and 
the strain 1 10 relat ive input . I t  i s  representat ive of  the 
nodulat ing competit ive abi lity of a part icular strain. The phage 
effects in control l ing the interstrain compet it ion can thus be 
clearly visual i z ed in Figure 10 . I t  becomes obvious that the 
nodulation competit ive abi l ity of strain 1 1 0  increases and that 
abi l ity of strain 1 2 3  decreases as the phage input levels increase . 
However, di rect compar i sons of  the indexes o f  the two di f ferent 
strains may not be appropriate . 
Analys i s  o f  covari ance indicates that there are s i gni f icant 
d i f ferences among the competitive indexes o f  strain 1 10 and among 
those o f  strain 1 2 3  (P<0 . 01) . Further separat ions o f  the indexes 
were conducted by the SNK test as shown in Tables 1 0  and 1 1. I t  
should be stressed that the indexes at al l PI Rs are s ignificantly 
di f ferent from one another .  
A s i gn i f icant semi logarithmic relationship exists between the 
PI R values and the competit ive indexes of the two strains . For 
strain 1 10, the regression equat ion i s  Y=24. 4+9. 1 3*LOG (X), R2 =0. 99, 
(P<0 . 05) . For strain 1 2 3, the equat ion i s  Y=73. 4-9. 3 3*LOG (X), 
R2 =1 . 00, (P<0 . 01 ) .  
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DISCUSSION 
The Quantitation of Antigens by ELISA. 
ELI SA for rout ine ident i f i cation of  di fferent strains o f  B. 
japoni cum was wel l  establ i shed and further s impl i f i ed by Fuhrmann and 
Wol lum (1985). But, the quanti f i cat ion o f  the ant i gens by ELI SA has 
not been reported for nodulat ion studies of Rhi zobi um or 
Bradyrhizobi um. I n  our attempts to quanti fy the nodule bacter i a, a 
sign i f icant exponent ial relationship between the number of  bacteria 
and the absorbance at 405  nm measured in ELI SA (Fi gures 2 and 3) was 
revealed. The relat ionship properly ref lects the fact that the 
coat ing e f f i c i ency o f  the ant i gens increases only moderate ly at low 
concentrat ions but, after pass ing a threshold, i t  r i ses much more 
rap idly unt i l  it approaches a maximum or the coating saturat ion 
po int. Thi s  contrasts w i th the observation by Archer (1984), who 
reported a simple l inear relationship  between the concentrat ion of  
the Methanosarcina barkeri ant i gen (in ug protein/ml) and the 
absorbance at 405  nm measured in ELI SA. 
The Apparent Nodule Occupancies. 
The apparent nodule occupancy was obtained from di rect 
observat ions and is the most frequently used indicator for studies on 
the nodulation outcome by several strains of rhi zobi a. I t  i s  a easy 
and rapid way to obtain results. However, it is a qual itat ive 
indicator and does not indicate the extent of  the color development; 
and the determinat ion of presence of the color development i s  also 
inf luenced by some subject ive factors. 
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The apparent nodule occupanc ies obtained in thi s  study seem to 
be less opt imistic than formerly reported (Kel ley 1986) e i ther in 
enhanc ing the strain 1 10 nodulation or in reduc ing the strain 1 2 3  
nodulation when treated with the phage. Thi s  might result from the 
di fferences in experimental des i gns such as the number of repeats, 
the amount of the bacteriophage used in inocula and the age of the 
bacteria in inocula, which may affect the sens itivity of the 
bacterial cells  to the phage. 
I t  is surpr i s ing that there is no sign i f icant difference 
between the mean apparent occupanc ies of the PIR  0. 0 1  treatment and 
the PIR 1 treatment as the phage input was increased 100  t imes in the 
latter case. The qual itat ive nature of the indicator could be one of 
the reasons to bias the results, and the bacteri a  used in the inocula 
for the PIR 1 treatment be ing older (4 days instead o f  3 days) might 
also have contributed to the lower sen s i t iv i ty of strain 1 2 3  to 
P135pl. However , it  should also be noted that even the 57% increase 
of the des i red nodulat i on after treat ing with the phage at the lowest 
level (PI R 0. 0 1) could also bring about apprec iable increase in the 
nitrogen f ixing abi l i ty of the host plant prov ided that the 
introduced strain i s  real ly superior to the indi genous one. 
Our work has also shown that the indigenous strain indeed 
outcompetes the introduced strain in l i ght of the fact that in the 
contro l group, the nodule occupanc ies of strain 1 1 0  are far be low 
those of strain 1 2 3, when the rat ios of  the two strains in inocula 
are almost equal. But it has also been shown that a sign i f icant 
increase of the des i red nodulation occurs by us ing a mass ive level of  
the des i red strain in inocula .  Thi s  result contrasts w i th the f ield 
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studies by Weaver and Frederick (1 974) who reported that only 50% o f  
the des i red nodulat ion could b e  obtained when supplying the inoculum 
strain at up to 1000 t imes the level o f  the indigenous strain . 
Whether there are any other bacteric idal agents spec i f i c  to the 
introduced strain in f i eld condit ions should be further investi gated . 
Another fact that should be noted i s  that it  i s  not uncommon 
that the sum of the strain 1 10 occupancy and the strain 1 2 3  occupancy 
of a nodule exceeds 1 00% . Thi s  phenomenon was also observed in 
Ke lley's study (1986) ,  But it  i s  d i f ferent from the work of  Caldwel l  
and Vest (1968) who reported that each nodule usual ly contains only 
one strain . Our results could be explained by the possib i l ity that 
somet imes two smal ler nodules are so c losely merged together that 
they are in fact very d i f f icult to separate and therefore are treated 
as a s ingle nodule . On the other hand , it  could also be pos s ible 
that both strains are indeed capable of  occupying and mult iplying in 
one nodule . I f  thi s  is  true , there does not seem to be any 
antagonistic  effects between the two strains. The mechan i sm 
account ing for the outcompetit ion in the f i e ld would seem to be more 
probably due to the d i f ferent i al e f f i c i enc ies  of the two strains in 
the recognit ion stage or to some other external so i l  factors rather 
than involv ing the di rect competition of the two . Thi s  assumpt ion 
was supported by Broughton et al. (1982) . 
The Actual Nodule Occupancies. 
The actual nodule occupanc ies were obtained from the mechanic  
measurements and data transformat ions. They indicate the relat ive 
numbers of  bacter ia in nodules and are not susceptible to subject ive 
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inf luences ( Figures 6 and 7) . The use o f  the actual occupanc ies has 
not been prev iously reported in thi s  f i e ld , so relevant compar isons 
are not yet avai lable . 
Changes in actual nodule occupanc ies fol lowing changes in  phage 
input and strain 1 1 0  input are analogous to those of the apparent 
nodule occupanc ies , but the i r  means are general ly more widely 
separated . Thi s  suggests that the actual occupanc ies could be a 
better indicator to use in nodulation competition studies . 
The phage inoculat ing experiments have shown that the des i red 
nodulation would not be enhanced considerably unless the plants were 
inoculated w i th very large amounts of the bacter iophage spec i f i c  to 
the indigenous strain . Thi s  i s  s imi lar to the case found in R. 
tri fol i i  ( Barnet 1 980) . Thus , it  may restrict commerc i al 
appl ications of  the phage inocula .  The question ari ses , i s  it 
possible to use a small amount of  the phage to achieve equal or 
better results in i mprov ing the des i red nodulation? 
I t  is c lear that when the bacter iophage attaches to a sens i t ive 
ce ll  it  needs some t ime to introduce its nuc leic  acid into the host 
cel l  and it w i l l  also take some time to rep l icate and f inal ly lyse 
the host cel l . Thi s  appears espec ially true for Bradyrhi zobi um, for 
they are very s low-growing bacter i a  ( generat ion time is 5 to 6 hours 
in broth culture , unreported result ) . Bacteriophages parasitic  to 
them tend to have elongated l i fe cycles . I f  the host cel l  and the 
phage , after be ing mixed , were i mmediately inoculated onto the plant 
roots , the nodulat ion process may begin wel l  before the phage reaches 
its maximal ef fects . Therefore , unlysed cel l s  or even uninfected 
cel l s  of the strain suscept ible to the phage st i l l  remain as a better 
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compet i tor in nodulation and cont inue to inhibit the increase of  the 
nodulation by the des i red strain . I t  seems that there should be a 
pre-exposure period for the sens i t ive strain in the so i l  to al low the 
phage to ful ly react w i th the sensi t ive cells  before plant ing the 
soybean seeds . 
The Co•petitive Indexes. 
S ince the regression l ines were obtained from the relat ive 
number of  a certain bacterium in inocula and the relat ive number of 
the bacter ium in nodules, some characteristic ( s ) of the relat i onship 
i s ( are ) supposed to reflect the nodulat ing competit ive abi l ity of  
that strain . I t  i s  then logical to establ i sh the compet it ive index 
based on the elevations of the above regression lines, which are 
characteristic  of each phage treatment, to evaluate the e ffects o f  
the bio log ical contro l agent . 
As these indexes were appl ied to the studies of  nodulation 
competit ion for the f i rst time , it  i s  interest ing to note that even 
wider stat i st ical separations have been observed among these indexes , 
show ing that the ecolog ical re lationship o f  the two strains could be 
changed at very low phage input in inocula ( PI R 0 . 0 1) ,  even when thi s  
i s  not yet detectable by other means . 
The slower increase in the strain 1 1 0  compet i tive index and the 
s lower decrease in the strain 1 2 3  index when the PIR becomes larger 
than 1 ( Figure 1 0) , indicate that the diminishing effects of  the 
phage w i l l  result by mere ly increas ing the amount of the phage in 
inocula.  Therefore, if  cons idering the cost ef fect iveness, i t  seems 
that the PIR 1 is a more appropriate rat io to be recommended for 
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practical use . 
The relat ionship o f  the PIR and the competitive index has been 
found to f i t  into a semi logarithmic model, Y=A+B*LOG ( X ) . The A 
coefficient o f  the regression i s  characteristic o f  the phage 
treatments at certain inoculating condit ions . I t  i s  not inf luenced 
by the amount of the phage used and ref lects the inoculating 
ef ficiency of the phage . I t  is thus ref erred to as the phage 
ef fic i ency index . As in the case when us ing the competit ive index, 
the phage effic i ency index can be used in studies to select optimum 
condit ions for phage inoculation, e . g .  time delayed experiments .  
I t  has been demonstrated that the actual nodule occupancy, the 
competit ive index and the phage e f f i c i ency index are able to reveal 
more of the features of  the interstrain relat ions and are recommended 
to be used in other quantitat ive studies  on nodulat ion compet i t ion . 
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TABLES 
TABLE 1. The t i ter results of phage P135pl  on 3 strains of  
Bradyrhi zobi um japoni cum, show ing the strain spec i f ic i ty o f  the 
phage ( PFU/ml ) . 
Strain 1 10 Strain 1 2 3  Strain 1 3 5  
<100 1 . 0  x 1 09 3 . 0  x 1 09 
TABLE 2. The compar i sons of  the mean apparent nodule occupanc ies (%) 
of  Bradyrhi zobi um japoni cum strain 1 10 treated at different phage 
inoculat ing rat ios . The data in parentheses are the d i fferences of  
the mean occupancies  of certain phage treatments on the left column 
subtract ing those on the top row . They were tested by Student­
Newman-Keuls  multiple range test . 
Phage I noculat ing Rat io 
0. 0 1  
1 
10 
0 
(22 . 8)** 
(2 7 . 4)** 
(37. 3)** 
* S ignif icant dif ference, P<0 . 05. 
** S i gn i f i cant d i fference, P<0. 0 1. 
0 . 01 
(4 . 6) 
(14 . 4)** 
1 
(9 . 9)* 
TABLE 3. The compar i sons o f  the mean apparent nodule occupanc ies (%) 
of  Bradyrhi zobi um japoni cum strain 1 2 3  treated at di f ferent phage 
inoculat ing ratios . The data in parentheses are the d i f ferences o f  
the mean occupanc ies of  certain phage treatments o n  the l e f t  column 
subtract ing those on the top row . They were tested by Student­
Newman-Keuls multiple range test . 
Phage I noculat ing Ratio 
0 
0 . 01 
1 
0 . 01 
(14 . 6)** 
** S i gn i f icant d i fference, P<0 . 0 1 .  
2 6  
1 
(18 . 6)** 
(4 . 0) 
1 0  
(44 . 7)** 
(30 . 0)** 
(26 . 2)** 
TABLE 4. The comparisons of the mean apparent nodule occupancies (%) 
of Bradyrhi zobi um japoni cum strain 110 treated at different 
percentages of strain 110 in mixed inocula. The data in 
parentheses are the differences of the mean occupancies of certain 
treatments of strain 110 inoculum percentage on the left column 
subtracting those on the top row. They were tested by Student­
Newman-Keuls multiple range test. 
Strain 110 Inoculum Percentage (%) 
50 
66. 7 
90 
* Significant difference, P<0. 05. 
** Significant difference, P<0. 01. 
33. 3 
(9. 4)* 
(12. 6)* 
(39. 0)** 
50 
(3. 2) 
(29. 6)** 
66. 7 
(26. 4)** 
TABLE 5. The comparisons of the mean apparent nodule occupancies (%) 
of Bradyrhi zobi um japoni cum strain 123 treated at different 
percentages of strain 110 in mixed inocula. The data in 
parentheses are the differences of the mean occupancies of certain 
treatments of strain 110 inoculum percentage on the left column 
subtracting those on the top row. They were tested by Student­
Newman-Keuls multiple range test. 
Strain 110 Inoculum Percentage (%) 
33. 3 
50 
66. 7 
* Significant difference, P<0. 05. 
** Significant difference, P<0. 01. 
50 
(10. 9)* 
66. 7 
(13. 5)* 
(2. 6) 
90 
(40. 9)** 
(30. 0)** 
(27. 4)** 
TABLE 6. The comparisons of the mean actual nodule occupancies (%) 
of Bradyrhi zobi um japonicum strain 110 treated at different phage 
inoculating ratios. The data in parentheses are the differences of 
the mean occupancies of certain phage treatments on the left column 
subtracting those on the top row. They were tested by Student­
Newman-Keuls multiple range test. 
Phage Inoculating Ratio 
0. 01 
1 
10 
0 
(12. 4) 
(28. 1)** 
(43. 9)** 
* Significant difference, P<0. 05. 
** Significant difference, P<0. 01. 
27 
0. 01 
(15. 7)* 
(31. 5)** 
1 
(15. 8)* 
TABLE 7. The comparisons of the mean actual nodule occupancies (%) 
of Bradyrhi zobi um japoni cum strain 123 treated at different phage 
inoculating ratios. The data in parentheses are the differences of 
the mean occupancies of certain phage treatments on the left column 
subtracting those on the top row. They were tested by Student­
Newman-Keuls multiple range test. 
Phage Inoculating Ratio 
0 
0. 01 
1 
0. 01 
(12. 1)* 
* Significant difference, P<0. 05. 
** Significant difference, P<0. 01. 
1 
(27. 9)** 
(15. 8)** 
10 
(43. 2)** 
(31. 1)** 
(15. 3)** 
TABLE 8.  The comparisons of the mean actual nodule occupancies (%) 
of Bradyrhi zobi um japoni cum strain 110 treated at different 
percentages of strain 110 in mixed inocula. The data in 
parentheses are the differences of the mean occupancies of certain 
treatments of strain 110 inoculum percentage on the left column 
subtracting those on the top row. They were tested by Student­
Newman-Keuls multiple range test. 
Strain 110 Inoculum Percentage (%) 
50 
66. 7 
90 
* Significant difference, P<0. 05. 
** Significant difference, P<0. 01. 
33. 3 
(14. 5)* 
(23. 4)** 
(47. 5)** 
50 
(8. 9) 
(33. 0)** 
66. 7 
(24. 1)** 
TABLE 9 .  The comparisons of the mean actual nodule occupancies (%} 
of Bradyrhi zobi um japoni cum strain 123 treated at different 
percentages of strain 110 in mixed inocula. The data in 
parentheses are the differences of the mean occupancies of certain 
treatments of strain 110 inoculum percentage on the left column 
subtracting those on the top row. They were tested by Student­
Newman-Keuls multiple range test. 
Strain 110 Inoculum Percentage (%} 
33. 3 
50 
66. 7 
** Significant difference, P<0. 01. 
28 
50 
(14. 3)** 
66. 7 
(22. 9)** 
(8. 6) 
90 
(47. 2)** 
(32. 8)** 
(24. 3)** 
TABLE 10. The comparisons of the competitive indexes of 
Bradyrhizobi um japoni cum strain 110 treated at different phage 
inoculating ratios. The data in parentheses are the differences of 
the competitive indexes of certain phage treatments on the left 
column subtracting those on the top row. They were tested by 
Student-Newman-Keuls multiple range test. 
Phage Inoculating Ratio 
0. 01 
1 
10 
0 
(16.0)* 
(53. 5)** 
(80. 2)** 
* Significant difference, P<0. 05. 
** Significant difference, P<0. 01. 
0. 01 
(37. 5)** 
(64. 2)** 
1 
(26. 7)** 
TABLE 11. The comparisons of the competitive indexes of 
Bradyrhizobium japoni cum strain 123 treated at different phage 
inoculating ratios. The data in parentheses are the differences of 
the competitive indexes of certain phage treatments on the left 
column subtracting those on the top row. They were tested by 
Student-Newman-Keuls multiple range test. 
Phage Inoculating Ratio 
0 
0. 01 
1 
0. 01 
(16. 0)* 
* Significant difference, P<0. 05. 
** Significant difference, P<0. 01. 
29 
1 
(58. 6)** 
(42. 7)** 
10 
(80. 3)** 
(64. 3)** 
(21. 7)** 
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m e a n  ± s t andan d a rcl e r r·o r f o r  1 1= 3 . 
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APPENDI CES 
I. Phosphate-Buffered Sal ine Solut ion . 
Ingredi en t 
NaCl 
KH2 P04 
Na2 HP04 
Knox Gelatine 
Adj ust pH to 6. 8. 
Amount Per Li ter 
8. 5 g 
0. 3 g 
0. 6 g 
0. 1 g 
II. Yeast Extract-Mannitol Mediua (Kelley 1986). 
Ingredi en t 
K2 HP04 
MgS04 · 7H2 0 
NaCl 
Mannito l  
Gluconi c  Ac id 
Yeast Extract 
Agar 
Adj ust pH to 6. 7-7. 0. 
III. Miniaal Salt Mediua 
Ingredi en t  
Sucrose 
K2 HP04 
NaCl 
Yeast Extract 
(Kel ley 1986). 
40 
Amoun t Per Li ter 
0. 5 g 
0. 2 g 
0. 1 g 
5. 0 g 
5. 0 g 
0. 5 g 
15. 0 g 
Alloun t Per Li ter 
2. 5 g 
0. 5 g 
0. 1 g 
0. 5 g 
Adj ust pH to 6 . 8 .  
I V .  Concentrated Tryptone Mediua ( Kelley 1986 ) .  
Ingredi en t 
Tryptone 
MgCh · 6H2 0 
Knox Gelatine 
Adj ust pH to 7 . 0 .  
V .  Modif ied Fahreus Medium ( Kelley 1986 ) . 
Ingredi en t 
CaCh · 2H2 0 
KH2 P04 
Na2 HP04 · 7H2 0 
MgS04 · 7H2 0 
FeCb 
Sodium Citrate 
Gibson ' s  Trace Element 
Adj ust pH to 6 . 5 .  
VI . Sal ine Solution for ELI SA .  
Ingredi en t  
NaCl 
4 1  
Amoun t Per 20 ml 
2 . 0  g 
0 . 86 g 
0 . 2 g 
Amoun t Per Li ter 
100 mg 
100 mg 
1 12 mg 
120  mg 
5 mg 
5 mg 
1 ml 
Amoun t Per Li ter 
8 . 5  g 
VI I .  Coating Buffer (Somassegaran and Hoben , 1985). 
Ingredi en t Amoun t Per Li ter 
Na2 C03 1. 6 g 
NaHC03 2. 9 g 
NaN3 0. 2 g 
Adj ust pH to 9. 6. 
VIII. PBS Tween (Non Ionic Detergent, Somassegaran and Hoben , 
Ingredi en t Amoun t Per Li ter 
NaCl 8. 0 g 
KH2 P04 · 7H2 0 0. 2 g 
Na2 HP04 · 7H2 0 2. 2  g 
KCl 0. 2 g 
NaN3 0. 2 g 
Tween-20 0. 5 ml 
Adj ust pH to 7. 4. 
IX. Alkal ine Substrate Buffer (Somassegaran and Hoben , 1985 ) .  
Ingredi en t  
Glycine 
MgClz 
ZnClz 
Adj ust pH to 10. 5. 
42 
Amoun t Per Li ter 
0. 1 M 
0. 001 M 
0. 0001 M 
1985 ) .  
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